Six patients with origin of one pulmonary artery from the ascending aorta are presented. Two are alive: a 21-year-old female, unoperated, with bilateral pulmonary vascular obstructive disease (PVO) and a 4-yearold girl who underwent successful correction at age 5 months. In addition, the data are reviewed from previous reports of 44 patients with this anomaly. Among the total of 50 patients, 42 had congestive heart failure in infancy. The right pulmonary artery arose anomalously in 44. A patent ductus arteriosus was present in 38 cases. At cardiac catheterization, pressure in both pulmonary arteries was generally at systemic level and the diagnosis was confirmed by aortography. Histologically, no significant PVO was observed in the majority of 18 infants who died, while significant changes, mainly in the "systemic" lung, were observed in 6 of 10 older children.
Additional Indexing Words:
Hemitruncus arteriosus Surgical correction of anomalous pulmonary artery THE ANOMALY consisting of one pulmonary artery arising from the ascending aorta while the other originates normally from the right ventricle is a rare congenital cardiac malformation. To date, there have been 44 reported cases in the literature. In the past, most patients have died by three months of age from congestive heart failure but in recent years, due to early recognition and improved surgical techniques, successful results have been reported in 12 patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] It is the purpose of this presentation to report 6 additional patients with this anomaly and to review the 44 other cases from the literature. In addition, diagnostic features will be reviewed, together with our attempt to evaluate flow and resistance measurements in both lungs, and surgical techniques will be commented on.
Material and Methods
Between 1949 and 1973, six patients with one pulmonary artery originating from the ascending aorta while the other originated normally have been seen among approximately 12 ,000 patients with congenital heart disease at the Children's Hospital Medical Center, Boston and their clinical course has been reviewed.
Results
Four patients died in early infancy and pertinent data concerning them are presented in table 1. Since none of them underwent cardiac catheterization, the diagnoses were made at autopsy. The remaining two patients are alive and their case histories are now presented in more detail. Case 5 This female was born in 1952, the product of a 36 week gestation in a gravida 6, para 6 (4 living, one premature death at 24 hours, one stillbirth), 26-yearold mother who had been taking stillbestrol during the last trimester. The child was admitted to the Children's Hospital Medical Center at age 3 months b.
-a a9. ;. wtW c systemic level, exclusive right to left shunting through the ductus continued and the right pulmonary artery was seen to arise from the proximal ascending aorta ( fig. 3 ). The situation was felt inoperable and currently, at age 21 years, the patient's clinical status remains unchanged and she is attending college. Limrg scani following venous injection of radionuclide demonstrating presence of radioactive material in left lung only. Case 6 This female patient was first seen at age 4 months (April 1969) at the Rhode Island Hospital in congestive heart failure. A grade II/VI systolic murmur was audible together with an apical diastolic flow (table 3) , the pressure in the normally arising left pulmonary artery was found to be almost at systemic level. A patent ductus with a large amount of left to right shunting was identified and left ventricular angiography revealed the right pulmonary artery to arise from the posterior wall of the proximal ascending aorta ( fig. 5 ). At surgery, at age 5 months (May 1969) at Children's Hospital Medical Center, the right pulmonary artery was detached from the aorta and anastomosed to the main pulmonary artery using a segment of Teflon graft (10 mm diameter) placed anterior to the aorta.
The patent ductus was divided. At cardiac catheterization two weeks postoperatively (table 3) , the pulmonary artery pressure was normal and the prosthetic graft patent. The patient has grown normally and is asymptomatic. The electrocardiogram is normal, as is the chest X-ray. At a repeat catheterization at the Rhode Island Hospital 4 years postoperatively (table 3), the main pulmonary artery pressure was at the upper limits of normal and a peak systolic gradient of 7 mm Hg was present across the patent ( fig. 6 ) graft.
Discussion

Clinical Profile
Forty-four patients with origin of one pulmonary artery from the ascending aorta while the other originated normally have been reported in the literature since Fraentzel first described the anomaly Figure 4 (biest -ray of case 6 at age 4 months revealing marked cardiomegaly with increased pulrmonary blood flow bilaterally. in 1868. 13 The addition of our 6 cases now raises the total to 50. Of this group, 28 were female. Age at diagnosis ranged from two days to 25 years (median three months), the diagnosis being made at catheterization in 27 instances and at autopsy in the remaining 23. Congestive heart failure was present in 42 and cyanosis was evident in 28. Electrocardiographically, right ventricular hypertrophy was evident in 40, right atrial hypertrophy in 16, and additional left ventricular hypertrophy in 11. Left ven- Left pulmronary arterv tricular hypertrophy alone was rare, being observed in only two patients. On X-ray, cardiomegaly was evident in 42.
In terms of anatomy, the right pulmonary artery arose from the aorta in 44 patients. The commonest associated cardiac defect was a patent ductus arteriosus, this being present in 38 cases. A ventricular septal defect was present in four patients. Tetralogy of Fallot was present in six; among these the left pulmonary artery was found to arise anomalously in four patients (references 7, 14, 15, and our case 2) and the right in two.1' An embryological explanation for this anomaly has been proposed. 16 The right and left pulmonary arteries arise from the proximal segments of the paired Circultion, So/nine 50, Septemiber 1974 sixth aortic arches. The conotruncal ridges, which arise diametrically opposite each other, fuse, thus partitioning the lumen of the truncus arteriosus. If these ridges do not arise directly opposite each other, unequal partitioning of the truncus results. Thus, should the right truncal ridge emerge from a more dorsal position than normal, the proximal right sixth aortic arch becomes incorporated into the ascending aorta and the right pulmonary artery then arises from the ascending aorta.
Diagnosis
Patients with origin of one pulmonary artery from the ascending aorta while the other originates normally usually present in early infancy when the normal postnatal drop in pulmonary vascular resistance occurs and the consequent aortic run-off through the "systemic" lung increases. The cardiac findings are nonspecific and suggest pulmonary artery hypertension with increased pulmonary blood flow and increased pulmonary vascularity in the "systemic" lung.', 17 A lung scan with venous injection of radionuclide'8 reveals uptake only by the lung supplied by the normally arising pulmonary artery. The differential vascularity on X-ray, together with the lung scan findings, make the diagnosis likely, the only alternative being unilateral pulmonary atresia with large bronchial collateral or ductal flow. At cardiac catheterization, the diagnosis is established by aortography or left ventricular angiography in the absence of a ventricular septal defect which identifies the anomalously arising pulmonary artery. The pressure in this vessel is usually at systemic level. From the right ventricle only one pulmonary artery can be entered and pressure in this vessel is usually also significantly elevated. If a patent ductus is present, a small left to right shunt may be found in younger children whereas in older patients shunting is bidirectional or exclusively right to left.
Physiology
The lung supplied by the pulmonary artery originating from the right ventricle receives the total systemic venous return, which is the effective pulmonary flow. This can be measured using either Histological examination of the pulmonary vascular bed was described in 28 patients. No significant obstructive changes were observed in either lung among the majority of the 18 infants who died under six months of age.
Among the 10 older patients, no significant pulmonary vascular changes were noted in four, aged 8 months, 2 years, 2 years and 4 years. Of the remaining six patients, three, aged 7 months, 8 months and 23 years, had significant vascular obstruction more pronounced in the "'systemic" lung.1 3, 21 Two children,17 aged 6 months and 2 years, had similar changes in both lungs, these being more advanced in the older child. The remaining patient, aged 19 months, had more pronounced vascular obstructive changes in the normally supplied lung.22 The differential changes observed in some of these older children may be related to the fact that the "systemic" lung receives an increased volume of highly saturated blood at systemic pressure whereas the other lung is perfused with an increased amount of unsaturated blood often at a slightly lower pressure.
Surgical Considerations
Twenty-two patients have been operated upon with 13 survivors. By far the most successful procedure consists of anastomosing the aberrant pulmonary artery to the main pulmonary artery either directly or with a graft. This technique has been successful in 12 of 18 patients.
Banding of the aberrant pulmonary artery was performed in one infant with a ventricular septal defect. No initial relief of cardiac failure was accomplished and immediate and successful re-anastomosis and ventricular septal defect closure was required.4 Other procedures, including ligation of a patent ductus only in two patients23' 24 and ligation of both the ductus and anomalous pulmonary artery in another patient," were unsuccessful.
The major contraindication to surgery is the presence of severe pulmonary vascular obstructive disease in both lungs. This finding prevented operation in our case 5. Survival following surgery in a 7-yearold patient with moderate vascular obstruction and bidirectional shunting across a patent ductus arteriosus has been reported, however. 25 The remainder of those patients who survived surgery had insignificant pulmonary vascular obstructive disease. Exclusive right to left shunting across a patent ductus generally precludes surgery although repair in a 3-week-old infant with filling of the descending aorta through the duct has been recently reported.'2 Corrective surgery should be performed as early as possible to prevent development of pulmonary vascular obstructive disease.
